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DECONTAKINATION OF URANIUM RECOVERY PROCESS
SiRED WASTES - INTERI REPORT

I. INTRODUCTION

Nickel ferrocynnide scavenging of Uranium Recovery Plant aqueous wastes to
reduce the radioactive cesium content to cribbing levels was incorporated
in the plant operating procedure in late 1954. Prior to this date, the
aqueous wastes were neutralized, concentrated, and stored in underground
tanl-s. hore than eight million gallons of these wastes are now stored.
Nickel ferrocyanide scavenging of the stored'wastes and subsequent cribbing
of the supernatant liquids has been proposed as a means of providing stor-
age capacity for other process wastes. A program to determine pertinent
physical characteristics and suitable scavenging prc3-edures is now in pro-
gress. Although the study is not complete, data so far obtained are pre-
sented at this time to assist in the design of plant facilities needed for
scavenging and cribbing the wastes.

II. SMARY

Physical and chemical properties and scavenging behavior of stored Uranium
Regovery Plant wastes from six underground tanks (representing about 3 x
10 gallons) have been studied. In all cases, scavenging of the wastes
with nickel ferrocyanide (0.0025 moler per liter of waste) at pI 9 reducei
the radioactive cesium content to less than 0.2 uc/ml. Residual radioactive
stror:.um content ranged from 0.007 to 1.5 uc/ml. Scavenging with a com-
bination of nickel ferrocyanide and ealotun nitrate, 0.0025 and 6.oi moles
per liter respectively, produced supernatant liquids containing, in all
cases, less than 0.1 uc/ml of either cesium or strontium.

In most cases, the nickel ferrocyani.de precipitate settled (unhindered)
from one to four feet per day. One sample studied contained an appreciable
amount of aluminum which precipitated i-en the pH was adjusted for spaveng-
ing. The solid produced settled much slower than when aluminum was absent. -

Clear point tenperatures of the wastes after adjustzrent to pH 9 ranged from
14, to 19CC. Dilution of the wastes (at pH 9) with water reduced_ the clear

point temperatures, although 300 per cent dilution was necessary to obtain
'near point temperatures of about 1000. Reproducible freezing point data
.3ra diffinult to obtain. Values of .- 50C. 'tere observed for clarified
wa-te Dc.ltions at pH 9. Although the clear points of these wastes, even
;rith Iilution. ar- rolt.tively high, wintertire trnsfer through overland
piping of nastet cf vhnilar cornosition has bon 'lone without line plugging
in connection with current waste scavengir-gL at. the Ulraniuz Rocovery Plant.

'hosnhate --concentrations of the stcred waste solutions varied from 0.1 to
.27 olar. .nvstigations. rade by the Soil. Sciences Unit ahcw that a

rhoxnhat con- intration of about 0.1 _ iS necczsary-to asvure po5 retention
of :tronitiun c;p the soil. O-eater than 100 V-er -efff~d3 lution on-the Pored
'ztes ;culc e- tuce phosphate to conc minrAtions lower 'than desirable for
Gribbin. -
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II. EXPERM!!TAL AIM DISCUSSION DECLASSIFIED

A. Cmposition of Stored Wastes

It should be emphasized that data with respact to the properties and compo-
sition of stored wastes have been obtained so' far for samples from only six
of the tanks considered for scavenging. Alsdi each of. these samples repre-
sents only 500 milliliters from a tank containing about 500,000 gallons.
In view of the probability that solutions in these large tanks are strati-
fied, it must be admitted that the samples tested may not represent an ad-
equate cross-sectibn of the total volume of waste to be processed. It is
encouraging, therefore, to find that solutions from tarks selected at ran-
dom are all low in strontium activity and have acceptable phosphate con-
centrations. Scavenging results also indicate that each solution can be
adequately docontaidnated by one set of scavenging conditions. These facts
tend to mininize the danger involved in extrapolating from results obtained
with only si:: samples of stored wastc.

Tabi I shows the composition of samples (su'ernatanft liquid) from six tanks of
Uraniun Recovery Plant stored waste. The tanks fromg which these samples
were taken were so chosen as to reflect differences-in plant neutraliza-
tion procedure and include solutions ranging in pH from 9.2 to 12.0.

Samples of stored waste examined to date are characterized by high cesium
and low strontium activity levels. The low strontium activity levels are
the result of the scavenging action of hydroxide and phosphate precipitates
formed during neutralization of the wastes prior to storage. With the ex-
ception of solutions from tanks 112 C and 109 BX, strontium levels are above
the provisional 0.1 uc/ml sp gtfication for cribbing at 6,000 gat./ft. 2 by
factors of only one to five. I' Solutions 112 C and 109 BX are in the pH
range 10.4 - 10.6. The poor stontium scavenging by hydroxide and phosphate
carriers in this pH range has been observed previously in connection with
current in-line scavenging in the Uranium Recovery plant. The reason for
it is not known.

Phosphate concentrations for these sanples range from 0.14 to 0.27 molar.
Recent work by the Earth Sciences Unit indicates that a phosphate concentra-
tion of at least 0.1 molar is needed for effective soil retentiopg of ,stron-
tium.

'. Crystallization and Clear Point Temperatures

Crystallization and clear point temperatures were measured for waste sam-
pies from four storage tanks. This information is of interest since it is
planned to pnump scavengoc solutions about twp miles across country through
a contour pipe line which will have mininum provision for removal of
obtacles. It is desirable, therefore, to insure against plugging the line
thrcugh deposition of solids which night be frozen out of the s-_avenged
trastc. rrior to measuring crystallizaticn and clear point temperaturfs,
e.ch solution *o adjusted to 1H 9.0 sin"e it is probable that scavenging
will be performed at or near this pH and since it is known that the clear
point of -these solutions is pH e ependnt. The solution 'wa. then stirred

DECLRASSIFIE



Solution,

106. 0

108 Ex

109 a0*

112 C

109 0

in C

MAI

caeigamnc OF sTmD uaun aEoovrY PLANT VASTE SOLU1nK

_ Srmoost *
Cosium
MA/aL

9.2

9.3

10.4

10.6

11.2

12.0

54.2

132.4

56.3

25.8

40.7

34.5

Strontium
-n/aL.

0.44

0.26

1.08

1.2

0.46

0.10

Phosphate
N

0.19

0.22

0.14

0.17

0.19

0.27

Sulfate
I I

0.18

0.02

0.n1

Sodium

7.8

6.7

5.1

6.3

4.9

* Supernatant liquid onab.

* Meaqured with Beckman Type 1190-aO Oass-Electrode and not corrected for. soditm
error.

*** Solution as received contained about 50 volume percent black solids.
reported here are for clear supernatant liquid 'above solids.

Values
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and cooled slowly in a dry ice hath until crystals first appeared. The mix-
ture of crystals and solution ire ehan warmed slowly until a clear solution
was obtained. Tamperatures were noted at both the point of appearance
(crystallization temperature) and disappearance '(clezr point temperature) of
crystals. his same procedure was repeated alipr diluting the waste solution
at pH 9 with water to 125, 150, 200, and 300 pei cent, respectively, of the
original volume. Date obtained for the four solutions Ire shoin in Table I.

Small amounts of a yellow precipitate formed when solutions 109 and 112 0
were neutralized to pH 9.0. This precipitate has not been identifiecd but is
thought to be an iron phosphate. -

Neutralizaticn of solution III C to pH 9.0 produced a white precipitate.
qualitative analyses of a solution of this material in nitric acid showed
the presence or large amounts of aluminum and phosphate and traces of iron.
This suggests that the precipitate is aluminum phosphate, aluminum hydroxide,
or a zdxtrre of these two compounds. The presence of aluminum in thissolu-
tion may be accounted for in the following manner. Several of the tanks of
stored TBP wastes, including tank 111 C, originally contained Bismuth Phos-
phate Plvnt coating removal and First Cycle wastes. Neutralization of these
wastes produced a sludge containing aluminum hydroxide. When tank 11 C was -

filled with Uranium Recovery Plant waste at pH 12.0, evidently some of this
aluminum hydroxide was dissolved.

Crystallization and clear point tenperatures could not be accurately deter-
mined in the presence of these precipitates. Since only solid-free super-
natant liquid will be pumped through the pipe line, noit of the measure-
ments made involved filtered solutions. The phosphate concentration of
solution 111 C was 0.12 molar after removal of the aluminum precipitate.

For the undiluted solutions clear point temperatures ranged from lit to 190C.
Clear point temperatures for these solutions riay be correlated with phosphate
concentrations. Thus, solutions 106, 109, and 112 C, with phosphate concen-
trations of 0.17 - 0.19 molar, had essentially identical clear points. Solu-
tion 111 C had a lower phosphate concentration, 0.12 molar. and correspond-
ingly a lower clear point. This behavior is consistent with the hypothesis
that the crystallizing substance ic a soadum phosphate.

Crys'.llization temperatures for these solutions were found to be 5-15 degrees
lower than corresponding clear point temperatures. However, these solutions
e:hibit :upersaturation and. crystallization temperatures observed depended
on =u-h factors as thi degree of agitation Auring cooling and the presence
or absence aotforeign particles. The effect of' the latter variable is illus-
trated by the difference in crystallization temperatures for solution 112 0
before arA after clarification.

Cryctall-t-ion and clear point temperatures are both lowered by dilution.
The dilutlon- ej'foct is not large, however. -r thnoe solutions approximately
0.J miolar In uhot~r>M. 200 to 300 pe: cint dilMlion iw required to lower
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TABI.II -

CRYSTALLIZATIOU AD) CLEAR POINT TMPERATURES OF STOi WASTE SOLUTIONS

Procedures Solution pH was adjusted to.9.0. Solution was cooled
with dry ice until crystals' formed and then slowly
warmed until solution cleared. The temperature was
noted for both appearance and disappearance of crystals.

Solution,
Tank Number

106 o

112 0

109 0

I l

Dilution.
Per Cent*

0.00
125.
150.
200.
300.

0.00
0.00

125.
150.
200.
300.

0.00
0.00

125.
150.
200.
300.

0.00
12r.
150.
200.
300.

Crystalliz tipn
Temperature, C.

5.
7.
8.
3.
1.

13.**
3.
5.
4.
3..
1.

7.**
4.
4.
4.
1.

-2.

5.
0.
2.

Clear Point
Temperature, *.

19.
17.
16.
13.
10.

17.**
17.
16.
14.
12.

8.

16.**
16.
15.
14.
11.
11.

14.

12.
- 9.
-5.

n Roprosnnts the ratio of final volume to initial volume.

!!4 Itasured in the presence of a
colution was adjusted to pH 9

precipitate which formed when the

.4
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clear point temperature to 100C. A dilution of this nrder has the dis-
advantage of decreasing phosphate concentrations 'below the value (> 0.1 N)
desired for soil retention of strontium. -

Bocaute of the uncertainty of crystallization temperatures, prediction of
the behavior of scavenged stored vjstt solutions at low temperatures is
difficult. In this connection, however, recent 1.etal Recovery Plant experi-
ence in wintertime piping of current scavenged uastes i3 of interest. - Dur-
ing the peri.od December 1954 to April 1955 the Metal Recovery Plant puTmped
several million gallons of scavenged wastes through an overland pipe line
approximately one-fifth mile long without any plugging difficulties. The
chemical slidlarity of current scavenged waste t0 ; the solutions which will
be produced when stored wastes are scavenged indicates that the latter can
be transferred through a buried line without plugging difficulties.

C. Nickel Ferrocyanide Scavenging of Stored Wast'es

In the Uranium Recovery Plant, nickel ferrocyanide scavdHRing of wastii sol-
utions is carried out at pH 9 ± 1. Scavenging agent concentrations of 0.005 N
KCFe(CN)6 and 0.005 1: NiZsh are used. These same conditions were used to
test nickel ferrocyaisde scavenging of stored uaste solutions. Data obtained
for each of the six samples of stored waste are presented in Table III. They
show that cesium is removed effectively under these scav-nging conditions.
Cesium activity levels after scavenging were 0.1 uc/ml or less for five of
the solutions and 0.2 uc/rl for the sixth.

Strontium activity levels for the scavenged solutionn were generally higher
than corresponding cosiun levels. However, with the exception of solutions
109 BX and 112 0, the highest strontium activity level was a factor of only
three above 0.1 ic/ml. ?olutions 112 0 and 109 BX, as already pointed out,
are initially in the ph :..nge 10.4 - 10.5 and have higher initial strontium
levels than wastes stored at either higher or lover pH. Nickel ferrocyanide
scavenging of these two solutions at pH 9 did not lower appreciably the
strontium levels.

Strontium was nost effectively removed from solution Ill C. The improved
vtrontiurn doconta .nation is attributed to the presence-of the aluminum pre-
cipitate during scavenging. ::utralizaMon to pt1 9.0 and removal of -the
aluninum precipitato reduccd the strontiun level ,f solution 11 0 bya
actor of three. Converstly, the yellow precipitate forlied when solutions

a" znd 1.12 ;_ were noutralted tp. i 9 carried. little or no strontium.

. Coribined Tickel FGrncyani-:e - Calciua Phosphate owaienging of Stored

;astoe-

tecont o-;erinen4 s with current Uron.um 2cver-; Plant rias O chow that the
nof l nitzatc iuring icl ,rrocylnico scavgno5 .ng improve3 4

,:tro.n4,'u:i de On'.nati~on ..n : ?_ji'bl. r!1ej~iUr, phosphAtA, is procipitated
rt& the tatrover' 8tro r. Mo nrbuled._o the scavenging
actin oS thf ccr.ouxid. .e . and lu phosphat e
scavenging was tried on five oar l oL ore 1aStC. periental

- DECLASSIFIED
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TABLE III -

NICKEL FERROCYANIDE SCAVENGING OF SIORED WASTES

Experimental Conditions:

ZA

IM-367217 '

I
~1
I

'-a

Solution pH was'adjusted to 9.0 - 9.3.
While stirring the solution, 0.005 moles
per liter of a14 (ON) end NiSO were
added. Slurry was, st1rred one Hour at
23 - 25*C. and than centrifuged.

BX
BX

112 C
112 0
112 C*

109 0
109 C
109 O*

111 0
in C-

Activity
-- esiu-m

22M-

0.10
0.045

540
1200

0.037 3600
0.022 6000

0.14
0.19

0.053
0.060
0.038

0.005
0.001
0.014

0.009
0.003

o00
300

490
430
700

8000
4i ooo

* 2900

3800
11000

Level After Scaven
Stron umnL

II
.21
.17

Q.17
0.15

0-.76

0.96
1.5
0.77

0.11
b.12
0.049

0.003
0 007

2.0
2.6

1.4
1.8

1.2
1.0
1.6

*'4.2
3.8
9.A

33.
-14.

* Precipitate which formed when the solution was adjusted to
pit was removed before scavenging with nickel ferrocyaside.

0

$

DEC LASSIFIED

Solution,
Tank Hurter

106 c
106 C

108 BX
108 BX

109
109

0

I
U
I

a

I

I
4a

Ia
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conditions and results are given in Table IV. For comparison, results
obtained without calcium are also flste4. -

Addition of calcium improved strontium decontamination in every case. 7The
results for solution 109 BX and 112 0 were particularly enoguraging. Al-
though scavenging was slightly more effective at 0.03 M Ca(IO ) 2 , the ad-
dition of 0.01 1 ca(1D3 ) 2 was sufficient to reduce strontium ,evels for
these two solutrons to 0.1 uc/ml. Strontium levels for the other solutions
were well below 0.1 uc/ml for both 0.01 and 0.03 14 Ca(I ) . The lower
calcium concentration has the advantage of decrea~ing thR &lume of pre-
cipitate to be atored.

Cesium levels for all solutions were below 0.1 uc/pl at boph 0.01 and 0.03 1-1
Ca(M ) addition. The addition of calcium appardntly imp -oved cesium de-
contalikation for solution 109 BX. The validity ofthis ipvrovement is
questionable, however, since gesium decontamination for the other solutions
was not affected appreciably by the addition of calcium.

A point of interest in these experiments is that addition of calcium nitrate
reduced the pH. For solutions initially at pH 9.0, addition of calcium
nitrate to a concentration 0.03 molar caused a change in pH from 9.0 to
ca. 8.2. At 0.01 12 Ca(NO3 ) the change was from pH 9.0 to pH 8.8. The de-
crease in pH is accounted f r by the fact that the concentrations of H 2-
and H2P0( at pH 9 are large in comparison to the concentration of P01 -
Uhen calcium nitrate is added, Ca(POh)2 is precipitated and hydrogen ions
are released. -

In the present experiments no pH1 adjustment was made after adition of
calcium. Scavenging was thus carried out at pH 8.2 and 8.8 for 0.03
and 0.01 M Ca(NO332, respectively. The fact that.strontium removal was im-
proved at-oth p 's suggests that combined nickel ferrocyanide - calcium
phosphate scavenging is effective over a range of LPH values. Experiments
to define this range are now in progress.

E. Settling Rate Studies

Experinents were performed with three stored waste, solutions to determine
sot'ling rates of'nickel ferro:yanide precipitates. In wich experiment
0.0025 moles/liter of nickel ferrocyanide were precipitated from 20 milli-
liters of stored waste at pH '.0. - The slurry .,as stirred one hour ind
transferred to a 25 milliliter graduated cylinder in a water bath main-
tained at the dezirerd temperature. Cottling was_observed as a function of
time.

Settling rates were dotenrcned by plotting the height of settled precipi-
tate as a function of settling time. These plots 'iere essentially straight
linva for the par-Loc of unhindard zc ttling. The zlopos-of the straight-
li~nc rc,4.,_uLuc-: taken to rc'prcn) t settling rzate fQr iu-nhindered settling.

._ tonr, by this proceCuro are zhoun in Tablc V.

~~DECASFIED
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TABLE IV

C01BIhED NICKEL FSRfOCIAEThE -- CALCIM PIESPHATE SCA
Uo SIU1UsD WASTES

W-36717

RED A

noM o 'V

Eperimental Conditions: Solution pH was adjusted to 9.0. While solution
was st.rred, 0.005 moles/liter of K4Te(CN) and
HiSO mere added. Ca(ID ) was added to
dioaed concentration. Sirry was stirred one 7
I.- 5-;eo -- A U a d

Solution,
Tank Number

106 C*
106 c
106 a

108 BX*
108 HX
108 BZ-

109 By*
109 BX
109 BX

112 C
112 C
112 C

109 C*
109 C
109 C

Ca(1132 )
* N

0.0
0.01
0.03

0.0
0.01
0.03

0.0
0.01
0.03

0.0
0.01
0.03

0.0
0.01
0.03

Activity Level
d eslum .

6.073 ~ 740
0.054 1000
I.031 1800

0.030
6,061
0.029

* 0.17
0.050
0.047

0.050
00.092

0.063

0.010
. 014
0.014

4800
2200

50000
.350

-1100
1200

500
300
_Wo

Tloo
2900
2900

Af ter Sen n -

0.19 2.3
0.018 25.
0.020 22.

oA1 6  1.
0.007 3
0.0i* 65.

0.76 1.4
0.fl 16.
0.069 10.

1.1 1.0
0.11 10.

-0.055 20.

-0.091
0.o1
0.009

5.0
42.
51.

* Average of duplicate results.
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TABLE V -

SETTLIG OF NICREL FE RtoCflID1 PRECIPITAS

SettliNg
Temp. C.

25.

25.

25.

30.

S

Solution,
Tank No.

inl C**

106 c

112 0

106 c

112 Cg

106 0

f12 0**W*

Settling Rate During
Unhindered Settling,

in./hr.

0.19

0.57

1.8

1.2

3.2

Settled Volume
of Precipitate,*

Per Cent

32.

9.

15.

15.

14.

4.5

* Represents per cent of total volume
settling for 24 to 72 hours.

31.

occupied byprecipitate

** Itite alminum precipitate which formed when
to pH 9.0 also present. e

after

solution wat adjusted

rellow precipitate which formed when solution was adjusted to pH 9.
also present.

0
Settling rates of nickel ferrocyanide precipitates will very from tank to tank
of stored wastes. Settling rates and settled precipitate volumes for those
slurries uhich also contain aluminum or iron precipitates depend Mh the set-
tling properties of these foreign precipitates. Particularly slow settling
may be expected for those slurries which contain aluminum precipitates. Rates
observed at 250C. and in the absence of aluminum 8orresond to one - four feet
per day. At these rates two to three weeks would be sufficient for settling
in 750,000 gallon tanks. Settling rates at 30 0 0$ and 4OC. were about two
and 2.5 tines, respectively, as high as those at 250C. Experiments to de-
termine settling rates of combined nickel ferrocyinide -ncalcium phosphate
precipitates have not yet been performed. The settled volumes of the_pre-
cipitates indicate qualitatively the differences among the various solutions.
They should not be taken to represent ultimate prcipitate volumes in the
waste settling tanks.
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